A-6

STRUCTURES IN TH E DOG RIVER FAULT ZONE
BETW EEN N O R TH FIELD AND M O N T PE L IE R , V ERM O N T
David S. Westerman
Department of Earth Science
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Northfield, Vermont 05663

INTRODUCTION

The purposes of this trip are to examine the lithologic and structural character
of rocks exposed in the Dog River fault zone (DRFZ) along a traverse between
Northfield and Montpelier, Vermont, and in the process to better understand their
tectonic significance. The rocks exposed within the DRFZ have long been recognized
as significant from a stratigraphic standpoint, but recognition of their structural
character is recent. This author has done detailed mapping along only a 10-mile
section of the zone, but reconnaissance studies suggest that its structural character
is similar north to the Quebec border and south as far as Randolph, Vermont, a
distance of about 80 miles. Support for this work has come from the Vermont
State Geologist (Dr. Charles A. Ratte) and from Norwich University.
The location of the DRFZ (Figure 1) corresponds with a previously identified
geologic entity to which several names have been applied. These include the
"Richardson Memorial Contact" (RMC), a pre-Silurian/ Silurian boundary, the Green
Mountain Anticlinorium/Connecticut Valley-Gaspe Synclinorium transition, and the
Taconian Line (TL). For a variety of reasons, none of these names is entirely
appropriate for the regional structure to which they all refer.
The "Richardson Memorial Contact (RM Cl: Geologists working in Vermont
during the past several decades have recognized that Richardson and his associates
had identified a geologic boundary which could be traced the entire length of the
State (and beyond). For purposes of informal communication, this boundary has
been referred to as the RMC (Richardson Memorial Contact) with no implication as
to the nature of the boundary. Rocks on the western side of the boundary were
designated by Doll and others (1961) as the Missisquoi Formation of Ordovician
age, but Richardson and Camp (1919) considered these rocks to be of Cambrian age.
East of these "Cambrian" rocks, Richardson (1919) reported the identification by Dr.
Rudolf Ruedemann, State Paleontologist, Albany, N.Y., of numerous graptolites from
rocks of the Northfield and Waits River Formations. The ages of these fossils were
reported to be Lower to Middle Ordovician. Richardson's mapping led him to
conclude that this boundary was an erosional unconformity. Certainly, his
identification of what he considered a basal conglomerate in the Shaw Mountain
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Figure 1. Tectonic map of northern Vermont. Western half after Stanley and
Ratcliffe (1985). TK=Taconic klippe; Y=Lincoln Mountain and Green Mountain
basement; RMC=Richardson Memorial Contact; DRFZ=Dog River Fault Zone;
TL=Taconian Line (after Hatch, 1982); ML=Monroe Line
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Formation of Currier and Jahns (1941) strongly influenced his conclusion that this
boundary was an erosional unconformity.
The primary problem with calling this boundary a "contact" is the implication
of lithologic constancy along one side or the other, whereas formations on opposite
sides of the RMC change frequently as a result of tectonic imbrication. Locally,
conglomerates and crinoid-bearing, quartz-rich calcareous sandstones of the Shaw
Mountain Formation are in fault contact with various rocks of the Missisquoi
Formation, but most often the contact is between the dark gray slates and phyllites
of the Northfield Formation and the wide variety of units of the Missisquoi
Formation. Locally rocks of the Waits River Formation occur in contact with
Missisquoi units. All of these contacts are also invariably fault contacts, but where
the conglomerates are absent, the fine-grained rocks lack the lithologic basis for
assuming that they rest on an erosional unconformity. Instead, rocks of the
Northfield Formation appear to represent a distal facies of the Waits River
Formation, often containing turbiditic, fine-grained graded beds. Intraformational
conglomeratic horizons occur within rocks of the Northfield Formation, probably
representing submarine slide conglomerates, but they do not appear to be localized
along the western margin.
Pre-Silurian/Silurian Boundary: Currier and Jahns (1941) reported the
discovery of crinoidal limestone in the Shaw Mountain Formation near Northfield.
They concluded at that time that the rocks were of Middle Ordovician age, but
subsequent, more detailed studies have shown them to be most probably of Middle
Silurian age (Boucot and Thompson, 1963; Doll, 1984). These determinations are
supported by recent conodont studies (Denkler, K.E. and Harris, A.G., written comm.,
1986). They identified 3 Pa element fragments of Ozarkodina sp. indet. of
Silurian-Early Devonian morphotype and 1 P, 1 Sb, & 1 Sc element fragments of an
oulodontiform apparatus from a 73.2 kg sample collected on Winch Hill Road off
Route 12A just south of Lover's Lane (see Stop 10, this trip).
The interpretation of Currier and Jahns (1941) that the eastern Vermont
stratigraphic section started with the Shaw Mountain Formation above an
unconformity and continued up to the east with the Northfield Formation and the
Waits River Formation, was concurred with by others and was adopted on the
Centennial Geologic Map of Vermont (Doll and others, 1961). The recognition of the
Silurian age of the fossils from the Shaw Mountain Formation had been made by
the time of publication of that map. By accepting the assumption regarding the
stratigraphic section and by recognizing the age of the Shaw Mountain Formation, it
became widely popular to refer to the RMC as a pre-Silurian/Silurian boundary.
The assignment of an Ordovician age to rocks of the Missisquoi Formation
(includes the Moretown Formation of Cady (1956)) on the western side of the RMC
is very tenuously tied to a long distance correlation with fossiliferous rocks in
Quebec. At this stage there is no reason to assume that an age assignment of
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Ordovician is incorrect, but it is important to remember that it is an assumption,
rather than an established fact. Regarding the age of the rocks of the Shaw
Mountain Formation, all evidence suggests that the assignment of a Middle Silurian
age is correct. The problem with referring to the name of the boundary in question
using ages of rocks stems from newly reported graptolite data (Bothner and Berry,
1985; Bothner and Finney, 1986) which suggests that at least parts of the
Northfield, Waits River and Gile Mountain Formations are of Ordovician age. If
these age determinations hold up to further scrutiny, then the discontinuous lenses
of the Middle Silurian Shaw Mountain Formation may be sandwiched between
packages of older rocks and the RMC would only very locally be a pre-Silurian/
Silurian boundary.
Green Mountain Anticlinorium/Connecticut Valley-Gaspe Synclinorium
Transition: Cady (1960a, 1960b) and Doll and others (1961) popularized the
notions that much of the western half of Vermont is anticlinorial in character (with
the Precambrian basement of the Green Mountain massif having been uplifted and
its previously continuous cover removed by erosion), while the eastern half of the
State is synclinorial in character (a folded basin presumably resting on the same
basement as is exposed to the west). Stanley and Ratcliffe (1985) have quite
successfully replaced the simplified notion of a breached anticlinal structure with
an elegant model in which the dominant structures are westward directed thrusts
(Figure 1), but no such solution has been developed for the complex structures
within the Connecticut Valley trough.
The sedimentalogical and structural history of the Connecticut Valley rocks is
still uncertain. Hatch (1986; this volume) has suggested that the pelitic rocks in the
section (including the Northfield Formation and the Meetinghouse Slate) may be
the youngest. This would create a situation in which the rocks in the core of the
belt are oldest and those on the margins are youngest - an anticlinorial structure
rather than synclinorial. Both the western margin (Westerman, 1985) and the
eastern margin (Hatch, 1985; this volume) of the CV trough are recognized as fault
zones, but the senses and extents of motion in these zones remain to be fully
studied.
The Taconian Line: Cady (1960b) described the Connecticut Valley Syn
clinorium as being bounded on its western margin by the Taconian unconformity
which would correspond to what has been described above as the RMC, a
pre-Sil/Sil boundary and the GMA/CV-GS transition. Cady concluded from his
studies that the rocks west of the boundary had experienced the Taconic orogeny
during Ordovician time while the rocks east of the line, being Silurian or younger in
age, had not experienced that orogeny. Hatch (1982) used stratigraphic, structural
and metamorphic bases to define this line which he named the Taconian Line.
Hatch's work preceeded the recent reports of Ordovician graptolites in rocks from
southeastern Quebec within the CV-GS (Bothner and Berry, 1985) and from the
Montpelier area in the Northfield and Waits River Formations (Bothner and
A
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Finney, 1986). It also preceeded recognition of the extent of strain which has
occurred along that line in central Vermont.
It is significant to note that radiometric dating of metamorphic minerals, the
method used for assigning ages to metamorphic and orogenic events in western
New England, has not produced Taconian ages from rocks of the Moretown
(Missisquoi) Formation (see Sutter and others, 1985; Jo Laird, person, comm.,
1987). This opens up an additional possibility, namely that the rocks of the
Moretown Formation belong on the eastern side of the conceptual Taconian Line.
No evidence as yet been found in central Vermont by this author to indicate that
rocks of the Moretown Formation experienced more orogenic activity that did those
of the Northfield and Waits River Formations (Westerman, 1987). Osberg and
others (1971) and Hatch (1975) reported small folds in rocks of the Moretown and
Hawley Formations on the west side of the TL which have not been found on the
east side. Although these folds are rare and not large enough to effect the map
pattern at a scale of 1:24,000 (Hatch, 1982), Osberg and Hatch suggest that they
represent pre-Silurian (i.e. Taconian) deformation.
STRATIGRAPHY
The earliest detailed mapping in the Dog River Valley was done by Richardson
and Camp (1919). They reported as one of their reasons for selecting the area for
study to be that "it falls in the line of the erosional unconformity between the
Upper Cambrian and the Ordovician formations represented in the eastern half of
the State". The next generation of study of these rocks was organized by Richard H.
Jahns (Currier and Jahns, 1941; White and Jahns, 1950). It was the work of Jahns
and others that provided the location of geologic contacts in the Barre West 15'
quadrangle for the Centennial Geologic Map of Vermont (Doll and others, 1961). At
the time of publication of the Centennial map, the rocks of the area were all
assigned formational names. The age of each formation was thought to be known
based on either 1) local fossils, 2) correlation with fossiliferous rocks elsewhere
(generally along strike to the north in Canada), or 3) presumed stratigraphic
relations with adjacent, although perhaps tenuously dated, formations.
The most recently published map of the study area remains that of Doll and
others (1961) and Figure 2 shows the distribution of formations as they are
represented on that map. In their interpretation, the geologic section shown here
started far to the west at the basal unconformity of the Paleozoic section resting on
the Grenville basement. It has younged eastward through the Cambrian section,
here reaching the Missisquoi Formation (Ordovician). The members of that
formation include the Moretown member at the base (west) containing two
horizons of carbonaceous phyllite and slate. Capping that member are the Harlow
Bridge Quartzite and the Cram Hill member. All of these rocks are reported
I

113

(after Doll and others, 1961)

Dw - Waits River Formation
DSn - Northfield Formation
Ss
- Shaw Mountain Formation
- Missisquoi Formation
Och - Cram Hill Member
Ohb - Harlow Bridge Quartzite
Ocp - carbonaceous pelite
ohb
Om - Moretown Member

Figure 2. Geologic map based on
the work of Richard H. Jahns
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throughout the literature to be of Middle Ordovician age, based on correlation with
fossiliferous rocks of the Magog Group in the Eastern Townships of Quebec (Cooke,
1950; Berry, 1962). The Missisquoi Formation is shown in Figure 2 af(er Doll and
others (1961) to be unconformably overlain by the conformable sequence of
discontinuous Shaw Mountain Formation, the Northfield Formation and the Waits
River Formation.
Results of more recent mapping are shown in Figure 3 in which the basic
structural character of the DRFZ can be seen. A braided pattern of fault traces has
been produced by the imbrication of various slices within the zone. This same
pattern can be seen at individual outcrops, in hand specimens, and in thin sections.
The only formational contacts that appear to be depositional are those between the
Northfield, Turkey Hill and Waits River Formations. The lithologic character of each
of the mappable units in the study area is briefly discussed below. The members
of the Missisquoi Formation of Doll and others (1961) shown in Figure 2 have been
remapped in part with some names being dropped and others added. All the
subdivisions of that formation are here informally given formational status. The
lithologic character of each of the mapped units is discussed below.
Moretown Formation: Cady (1956) named this unit based on mapping in the
Montpelier quadrangle. Where shown on Figure 3, it is composed primarily of
interbedded, blue-greenish gray quartzite and phyllite. The quartzites commonly
exhibit well-developed pressure solution laminae. Also included here are
carbonaceous phyllites and slates which occur as discontinuous lenses within the
chloritic quartzites, but their distribution lacks the continuity or regularity shown
in Figure 2. More detailed mapping will allow these rock types to be shown as a
separate unit. Greenstone dikes are also present in the Moretown Formation, along
with a variety of metamorphosed volcanic and volcanoclastic rocks.
Harlow Bridge Quartzite: This unit consists of massive, buff weathering beds of
pale green quartzite containing minor interbeds of greenish-gray phyllite. Bedding
thicknesses are typically greater than 15 cm and often approach 1 m. Locally
associated are pyrite-spotted, medium-grained granulitic greenschist dikes
composed primarily of chlorite, albite, epidote and quartz.
Dog River Formation: This formation replaces most of the rocks in the southern
half of the study area mapped as Cram Hill member by Jahns and shown as such on
the Centennial Map of Doll and others (1961). Non-volcanic, rusty-weathering
quartzites and gray phyllites dominate the formation. Bedding is commonly
preserved in these rocks but is often dismembered on well-defined shear planes
which parallel the axial planes of drag folds. Thicknesses of beds range from a few
centimeters up to 1.5 meters, and quartzites dominate over phyllite more
commonly than the reverse. This may well be due to the greater resistance of
quartzite-rich zones and their tendency to form outcrops. At two locations within
the main belt of this formation, thinly bedded "limestone" occurs with muscovite -
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rich quartzites. To the north this same assemblege is exposed is a fault-bound slice
of the Dog River Formation within the West Berlin Formation (Figure 3).
West Berlin Formation: In the northern half of the study area, much of the
area previously mapped by Jahns as Cram Hill member is here designated the West
Berlin Formation. These rocks are dominantly intermediate and mafic
metavolcanics (commonly porphyritic) along with light green metaquartzites and
phyllites similar to those found in the Moretown Formation. Ankeritic greenschist
is a common lithology in this formation and is thought to be restricted to it. These
rocks weather with a characteristic thick, brick-red rind over a partially weathered
orange horizon.
Zones of severe strain in this formation are common and are characteristically
deeply weathered with pinkish-buff colors. Mineralogy and textures are highly
variable, and "out of place" lithologies tend to show up in these zones. These
include some talc-bearing rocks and brecciated zones (occassionally quartz rich).
Crosstown Road Formation: Greenschists in this formation lack ankerite and
weather to a greenish color. They are composed mostly of plagioclase, chlorite,
epidote and calcite and occasionally have porphyritic textures. An irregularly
shaped plug of metagabbro is included in this unit and has overall chemical
characteristics similar to the surrounding greenschists. The formation does not
include quartzites and phyllites as do the other units described above.
Irish Hill Road Formation: These rocks are predominantly of pyroclastic and/or
volcanoclastic origin and are locally interbedded with light green quartzites and
dark gray phyllites. The volcanic rocks are quite readily recognized by their
blue-green color and well-developed schistosity, and the frequent presence of 1-2
mm crystals of blue quartz and white plagioclase. Quartz streaks 0.5 mm wide and
several mm long are common where the rocks are strongly sheared. Sharp contacts
between various lithologies of this formation probably reflect original bedding.
This layering typically parallels cleavage, but in some cases the layering shows
considerable deformation and dismemberment by shear.
Shaw Mountain Formation: The two diagnostic lithologies found in this
formation are quartz-pebble (cobble) conglomerate, and crinoidal, calcareous, white
quartz metasandstone. Pinkish-buff weathering, calcareous quartzites are also
common but their similarity to some rocks of the Dog River Formation make them
less diagnostic. Currier and Jahns (1941) previously included felsic tuffs in this
formation, but those rocks are now recognized as mylonites derived from the other
lithologies of the formation. These yellowish-white schists consist almost entirely
of quartz and muscovite, making an igneous origin unlikely. Textural variations
grade through the full range from very fine-grained schists to only moderately
deformed conglomerates.
Northfield Formation: Dark gray slates and phyllites dominate this formation.
Where pyrite is absent and the texture is slatey, the rock has been quarried for

117

A-6

shingles and other construction products. Many areas, in particular along the
western margin of the formation, are characteristically phyllitic and typically
crenulated. Bedding is commonly seen, particularly on glacially scoured surfaces
and quarry walls. Silty beds, often with sandy bases and pelitic tops, have been
found throughout the formation. Brown weathering, calcareous sandy beds are
rare. Several horizons of intraformational conglomerate have been observed in the
old quarries, most notably in the quarry north of the Norwich University ski slope
and the quarry on the north side of Lover's Lane just west of Route 12.
Turkey Hill Formation: In the southern half of the study area there is a
mappable unit separating the Northfield Formation from the Waits River
Formation. The field criteria for recognizing this unit are the presence of
brown-weathering, calcareous metasandstone and the absence of the "punky
brown" limestones which characterize the Waits River Formation. The phyllitic
beds in this formation are indistingishable from those in the adjacent formations.
Bedding thicknesses are generally thin, unlike the thick beds typical of the Waits
River Formation. The gradational character of the Turkey Hill Formation suggests
that its contacts are depositional.
Waits River Formation: Dark, gray phyllites, brown-weathering, calcareous
metasandstones, and dark brown, punky "limestones" are the three lithologies
which characterize this formation. Bedding is generally measured in 10's of
centimeters, and is usually readily observed. The word limestone is here in
quotation marks because it is actually a calcareous metasandstone probably
representing calcareous flysch with the calcite having been derived as detritus.
STRUCTURE
Structural relationships in the study area are most quickly reviewed by
examining the map view presented in Figure 3 and the stereograms shown in
Figure 4. The stereograms show at a glance that all of the structures are
geometrically related to the orientation of the DRFZ. The N23E trend of that zone
with the steep westerly dips of the fault surfaces defines a plane to which all other
structures can be related.
Bedding: Bedding is common in most of the formations of the study area but is
generally not recognized in the greenschists and greenstones of the West Berlin and
Crosstown Road Formations, or in the conglomerates of the Shaw Mountain
Formation. From a structural perspective, it is important to note that nowhere
have individual beds been traced between outcrops. At most large outcrops,
bedding in all formations is commonly dismembered by shear at shallow angles to .
the plane of bedding.
Orientations of bedding are typically somewhat east of north with steep
westerly dips (Figure 4A). Significant variations from the dominant trend
a
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Figure 4. Equal area projections of structural elements. A - poles to bedding;
B - poles to pervasive cleavage; C - poles to spaced cleavage; D - lineations
including elongated minerals and clasts, cleavage intersections, and fold axes
of crenulations; E - all fold axes; F - poles to fault surfaces; #
measurements lower left; % contours lower right
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represent measurements in the limbs or on the crests of folds. Bedding tends to
parallel the major and minor fault traces of the DRFZ. This may be the result of
either rotation of bedding during faulting or development of faulting parallel to the
bedding orientations. Exceptions to the general parallelism of bedding and the
dominant regional structure are local, such as in the noses of dismembered folds of
quartzite.
Pervasive cleavage: Nearly all of the rocks in the study area have a pervasive
foliation derived from the preferred orientation of platey minerals. Massive
quartzites, containing only minor muscovite and chlorite, have only weak foliations,
but foliation is well developed in most rocks. Even the quartz-pebble
conglomerates of the Shaw Mountain Formation have a strong foliation as a result
of both the significant muscovite content in the matrix and the preferred
orientation of the distorted pebbles. The pervasive cleavage shows a more
constant orientation than does bedding (Figures 4A and 4B), reflecting that it is
axial planar to the large-scale folds in the beds.
Exceptions to the presence of a pervasive foliation are restricted for the most
part to some fossiliferous layers in the Shaw Mountain Formation. Here the
cleavage parallels the pervasive regional trend, but is spaced. Crinoid columns are
well preserved locally, apparently having been located between shear surfaces
which absorbed the strain. Their existence brings to mind the image of the
composed gentleman in the Colt 45 advertisement, seated at his floating table and
contented by his beer at hand, heading for the top of the waterfall.
Rare folds in the Northfield and Moretown Formations suggest that the
pervasive cleavage does not everywhere represent the earliest cleavage. What
appears as an older cleavage surface has been observed in isoclinal folds
paralleling the tightly folded bedding. It is because of these observations that
neither the Sq ^ 2 or Sn n+ j n + 2 notation is applied here.
Spaced Cleavage: A spaced cleavage is common in rocks thoughout the study
area except in many of the rocks of the shear zones. This spaced cleavage tends to
dip less steeply (to the west) than does the pervasive cleavage, and strikes tend to
be more easterly (Figure 4C). Most of the measurements used to construct Figure
4C are of spaced cleavage associated with crenulations. Orientations of this
cleavage are similar in all of the formations, but the sense of motion indicated by
the geometry of the associated crenulations is not consistent. Indications of
motion with a west over east sense are dominant. Also represented in Figure 4C
are both closely spaced, near vertical fractures probably associated with the
high-angle faulting of the DRFZ, and some nearly horizontal spaced cleavage.
The age of the spaced crenulation cleavage is constrained. It must postdate the
juxtaposition of all of the units since it is present in them all with the same
orientation, but it must predate the bulk of the shearing since it is commonly
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absent in many of the fine-grained papery rocks of the shear zones. It is
interesting to speculate that the spaced cleavage may be the product of a stress
field in rocks which failed to "let go" and deform by pervasive strain and faulting.
The similarity in orientation of crenulation fold axes, small-scale asymmetric fold
axes, pervasive and spaced cleavage intersection lineations, mineral lineations in
sheared pyroclastics, and long axes of pebbles (Figure 4D) suggests that all these
structures either formed in the same stress field or have been rotated into their
current orientations by movement in the DRFZ.
Folds: Folds identified to date include only those seen in individual outcrops.
No folds have been recognized as mappable structures at a scale of 1:24,000. In
most cases where outcrop size exceeds several meters, folds are observed to be
dismembered by shear parallel to their limbs. As noted earlier, a few isoclinal
folds have been found in the Moretown and Northfield Formations in which it
appears that an early cleavage parallels the bedding and has been folded along
with it. This suggests that the isoclinal folds observed are a second generation of
such folds, the axial planes of which are parallel to both the bedding and the
pervasive cleavage of the region.
Asymmetric, small-scale folds have axial plane orientations parallel the spaced
cleavage noted above. They are simply a "blow up" of the crenulations described
above and their fold axes nearly parallel the intersection lineation of the pervasive
and spaced cleavege throughout the region. Figure 4E shows the orientations of all
generations of fold axes in the study area.
Faults: Most of the rocks exposed in the Dog River Valley between Northfield
and Montpelier have been deformed to some extent by faulting. The main traces of
the faults in this zone occur in a belt about 1 mile wide, referred
to
in
this
paper
as
It4L i1
•I-I
the Dog River fault zone (DRFZ). The zone is located geologically between the
Moretown Formation on the western side and the Northfield Formation on the
eastern side. Caught in the DRFZ are the rocks of the Dog River, West Berlin,
Crosstown Road, Irish Hill Road, and Shaw Mountain Formations. Orientations of
the faults in this zone are concentrated around N23E, 81W, with a second
concentration near N51E, 85W (Figure 3 and Figure 4F).
Within the DRFZ the range of deformation is extensive. At one extreme, crinoid
columnals are occasionally preserved in undeformed lenses of the Shaw Mountain
Formation, and graded beds can be found in rocks of the Dog River Formation. At
the other extreme, coarse, quartz-pebble conglomerates have been milled to
produce papery, yellowish-white mylonites previously identified as felsic tuffs
(Currier and Jahns, 1941).
Lineations of various origins are common in the sheared rocks of the DRFZ and
they consistently plunge moderately to the north (Figure 4D). This corresponds
with the measured orientations of deformed pebbles by Currier and Jahns (1941)
in the conglomerates of the Shaw Mountain Formation. Study of oriented thin
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sections of such sheared conglomerates show imbrication of lithons indicating west
over east movement. Rotated plagioclase crystals in sheared tuffaceous rocks of
the Irish Hill Road Formation show the same sense of motion. Crystals have
well-developed, asymmetric tails of quartz and fibrous chlorite. These studies,
coupled with the consistant northward plunges of other lineations, suggest that
movement in the DRFZ was both high-angle reverse and left lateral.
DISCUSSION
The first conclusion reached from this study is that the Connecticut Valley
trough in east-central Vermont is bounded on its western margin by a high-angle
fault zone. On the Geologic Map of Massachusetts (Zen and others, 1983) a
decollement surface is indicated for the same boundary, but in central Vermont the
most recent movement in the zone appears to have been west over east with a leftlateral component. Perhaps this surface 1) once dipped gently to the east, 2)
experienced westward thrusting, 3) was steepened by continued compression, 4)
rotated through vertical, and 5) experienced a reversal of the movement direction.
The second conclusion is that the idea of an erosional unconformity at the
western margin of the CV trough being overlain by a conformable stratigraphic
sequence of Shaw Mountain, Northfield, Waits River, etc. seems highly unlikely. It
is difficult to visualize a sedimentological succession from the lithologies of the
Shaw Mountain Formation to those of the Northfield Formation. Clean, coarse,
quartz-pebble conglomerates and crinoid-bearing "limestones" with abundant
white quartz sand suggest a near shore, locally high energy, shallow water
environment for the Shaw Mountain Formation. The morphotypes of the conodonts
studied by Denkler and Harris (written communication, 1986) indicate that they
"lived in a relatively shallow water, high energy environment". On the other hand,
rocks of the Northfield, Turkey Hill, and Waits River Formations have deep water
affinities as suggested by the thick turbiditic sequences and great volumes of
pelitic sediments. Fred Larsen (pers. comm., 1984) has puzzled over the lack of
calcite in the muddy tops of the thick, graded beds in these units. He speculates
that deposition occurred below the CCCD with the calcite in the sands being detrital
and preserved only because of rapid burial under the pelitic tops to the beds.
Whatever the actual depth of deposition, it was probably much greater than that
for the Shaw Mountain lithologies. The fact that contacts between Shaw Mountain
rocks and Northfield rocks are always faults supports the idea that these units
were deposited in different environments at some distance from each other.
After one eliminates the idea of a conformable stratigraphic sequence from the
Shaw Mountain to Waits River Formation, and recognizes both the deep, quiet
water environment for the Northfield Formation and faulted western margin to the
CV trough, there's not much reason to postulate the presence of an erosional
unconformity at most locations between these two terranes.
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ITINERARY
0.0
0.3

4.5
7.7
10.0

10.1

Starting at the Commuter Lot on the west side of 1-89 at the Northfield exit
(Exit 5), head left (east).
Turn left (north) on 1-89. The outcrops between here and the first stop are
in the Waits River Formation. Note the characteristic colors of the wellbedded phyllites and calcareous metasandstones.
A thick horizon of phyllite is exposed along the west side of 1-89 here.
The hills to the east are the Barre and Knox Mountain plutons.
The color change in the rocks on the right corresponds to the Taconian Line
of Hatch (1982)
Stop 1: Park well off the road before the Exit 8 offramp. At the east end of
the large roadcut here are exposed the contacts between the Waits River,
Northfield, and Missisquoi Formation (of Doll and others, 1961). Permission
to stop here has been obtained from the Vermont Traffic Committee,
Department of Public Safety. Future users of this guide who choose to stop
here should anticipate being asked to move on immediately if they are
observed by the Vermont State Police.
Start at the east end of the outcrop in the Waits River Formation. The
brown weathering of the calcareous metasandstones is characteristic.
Observe the pinstripe spaced cleavage which truncates the more steeply
dipping earlier pervasive cleavage (possibly parallel bedding). Small-scale
faults here trend N40E, 55W, segregating zones showing the older
deformations. These faults show evidence of normal displacement.
The contact of the Waits River and Northfield Formations is obscured by
extensive faulting (N30E, 83W). The Northfield Formation is here only 75
feet thick and evidence of structural features older than those of the main
fault zone has been obliterated. Younger faults are present trending
somewhat more easterly than the main zone and dipping moderately to the
west. Abundant lenses of quartz are mixed in with the rocks of the
Northfield Formation and have been faulted by the youngest faults.
The contact between the gray-black shiny phyllites of the Northfield
Formation and the green rocks of the Missisquoi Formation is a fault, and the
green rocks are strongly mylonitic in character. A laminar texture gives
these rocks a gneissic appearance along the eastern margin of the unit.
Further west, the rocks are still granulitic but lack the gneissic texture. The
300-foot section of light green schists and granulites has been cut by
numerous faults which parallel the pervasive fabric and dip steeply to the
west. The younger faults described in rocks to the east are present here as
well.
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10.2

11.1
11.5
13.9

14.4

14.7

Exit the interstate, slowly turning north and eventually east. The rocks here
are undifferentiated lithologies of Cady's Moretown Formation (1956) and
Doll and others' Missisquoi Formation (1961).
Continue straight at the lights, now driving east on Route 2. Cross the TL.
Turn south on Route 12, heading toward Northfield.
Turn left on a gravel road. Cross the Dog River and bend right (south),
staying as close to the river as you can.
Stop 2: Stop at the steel gate and walk west to the river's edge. Outcrops in
the small stream and north along the shore of the Dog River are phyllites of
the Northfield Formation. After examining these rocks, work your way
westward across strike. You will see that pale, rusty mylonites (apparently
derived from a quartz-rich source) separate the main outcrop belt of the
Northfield Formation from fault-bound slices of that unit further west at the
water's edge. These slices of Northfield even include minor calcareous
metasandstone beds, indicating the potential for such structures to survive
when located between shear surfaces which are accommodating the strain.
West of the slices of Northfield are mylonitic rocks of uncertain origin.
Currier and Jahns (1941) interpreted these rocks to be Shaw Mountain
lithologies, but they are probably severely altered products of the West
Berlin Formation since they occur elsewhere out in the main belt of that
formation. Just west of the main comer of the river is an outcrop containing
metamorphosed porphyritic andesite, mixed with the pale, ankerite-spotted
mylonites, supporting the association of these rocks with the volcanic
sequence of the West Berlin Formation.
Return to the cars, turn around and return to Route 12.
Turn left (south) on Route 12. Outcrops along the route here are primarily
metavolcanics and metasediments of the West Berlin Formation.

17.8+ Stop 3: Park on the right in the pullout area. A variety of rocks of the West
Berlin Formation are exposed in this area. At the northernmost outcrop to
the west (through the bushes) are micaceous, rust-spotted quartzites and
medium-grained greenschists. Further south and west (in the open pit) are
folded metasediments, greenschists, and intermediate porphyritic flows, sills,
or dikes. The small asymmetric folds seen here are characteristic of the
rocks throughout and adjacent to the DRFZ. On the south side of the entry
road to the quarry is ankeritic greenschist with the characteristic thick,
brick-red weathering rind.
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18.0
19.0
19.1

Continue south on Route 12, cross the tracks, and cross the bridge.
Turn left (east) onto Crosstown Road.
Turn right and drive up Parker's driveway.
Stop 4 : Park along the side of the driveway, walk east across the field about
200 feet and then south uphill to the boxed in end of the field. Just into the
woods at the southwest comer of the field is an outcrop of dark gray phyllite
of either the Dog River Formation or possibly the Northfield Formation as a
slice caught within the DRFZ. Outcrops to the west are convincingly Dog River
Formation, but here the phyllite lacks the characteristic rusty weathering
habit of that unit. Just to the east, under an uprooted tree, is ankeritic
greenschist of the West Berlin Formation. This lithology underlies the width
of the field.
At the southeast comer of the field is a woodsroad heading off to the south
and roughly paralleling the eastern contact of the somewhat out-of-place
slice of West Berlin Formation. East of the road, where the elevation begins
to rise sharply, are outcrops of the Crosstown Road Formation. These include
greenschist (non-ankeritic) and green metatuffs, as well as a small plug of
metagabbro (about 600 feet from the field). Depending on the time
available, a walk down the woodsroad to a dry stream valley just before the
next field (1500 feet) will allow examination of an enigmatic rock which
appears as a sheared conglomerate with a chloritic matrix. Conversely, it
may represent a brecciated, sheared, and recrystallized quartz vein.
Further to the east are exposures of the Northfield Formation. A common
characteristic of this contact is an abundance of massive vein quartz, present
both as isolated outcrops and as boulders.
I

Return to the cars and retrace your route back to Route 12.
20.1+ Turn right (north) onto Route 12.
20.4
Turn left, uphill on a gravel road.
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21.4+ Stop 5 : The outcrop is in a triangle of the road on the right side and is
partially painted blue. It consists of thickly bedded metaquartzites of the
Harlow Bridge Quartzite with metapelitic interbeds. An arguement can take
place here over the facing direction of the beds.
Continue (south) on the gravel road.
21.5 Turn left (east) on a gravel road.
21.7- Cross the bridge. Large outcrops of thinly bedded metapelites and
metasiltstones are exposed below with abundant well-developed,
asymmetric folds.
21.7+ Cross the railroad tracks. The first outcrop exposed to the north along the
tracks is an isolated slice of Harlow Bridge Quartzite. Turn south on Route

12.

22.0

After passing Ellie’s Market on your left, turn left (east) on the gravel road
known locally as Irish Hill Road (also Darling Hill Road).

22.6

Stop 6a: The western contact of the Irish Hill Road Formation is exposed on
the east side of the road where the road begins to flatten. There is a small
turnaround on the left side just above the outcrop. At this contact the Irish
Hill Road Formation is strongly sheared with the most recent movement in a
plane oriented N36E, 84W. A well-developed lineation in that plane comes
from the streaking of blue quartz crystals, now oriented 61, N3E. Plagioclase
crystals show the development of pressure shadow tails of mosaic quartz,
oriented such that a west over east sense of rotation is indicated. This
development of northward plunging lineations and slip with a reverse sense
of motion is consistent throughout the fault zone. It is interpreted to
indicate that the faulting included a component of left-lateral motion.
Drive back downhill. Note the saprolitic outcrops on your left (east).
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Stop 6b: Park on the left (east) side of the road. Walk east up the path to
the power line. In this immediate area there are two major fault traces. One
separates Northfield phyllites from Shaw Mountain lithologies (east edge of
the power line), and the other separates the Shaw Mountain rocks from
sheared pyr oclastics of the Irish Hill Road Formation (west edge of the power
line). In the small brook at the east edge of the power line are dark gray,
mylonites derived from Northfield lithologies but containing late, rhombic
carbonate crystals which are filled with oriented inclusions of the minerals
of the mylonitic fabric.
On the west side of the power line and south of the brook are outcrops of
the Shaw Mountain Formation. These include muscovite-ankerite-quartz
schist exposed in the power line clearing. The carbonate crystals in the
schist postdate the development of the mylonitic fabric since they are
undeformed and contain fine-grained, oriented inclusions. Conglomerate is
exposed to the west in the edge of the woods. Deformation there has been
primarily brittle with extensive recrystallization. Fabrics seen in thin section
indicate a reverse sense of motion on the westerly dipping surfaces.
Back to the north along the edge of the power line and downstream in the
brook valley are various rocks of the Irish Hill Road Formation. Many
contain the blue quartz and white plagioclase crystals that serve as the
diagnostic characteristic of the formation. Dismembered folds in these rocks
are well preserved and strain indicators confirm the west over east sense of
motion recorded elsewhere.

Return to cars, retrace your route to Route 12
23.3
Turn left on Route 12.
24.5
Turn left (east) on Davis Ave.
The road bends south.
24.7+ Bear left at the fork.
nf
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Stop 7 : Park on the left (north) side just before the power line. Walk uphill
under the power line, following the woodsroad. The first cliff on the east
side is an exposure of coarse, quartz-pebble conglomerate of the Shaw
Mountain Formation. Sheared phyllitic rocks of the Dog River Formation are
exposed in the fields to the west. Continue up the woodsroad to where it
leaves the power line and forks. Go straight and follow a clockwise loop to
examine the various lithologies and structures exposed in this area.
Calcareous metaquartzites are exposed in the woodsroad on the way up the
hill. They weather to a characteristic rusty-orange color and often have a
strongly developed foliation. At the north end of the loop, just before the
road make a sharp comer back to the southeast, strongly sheared rocks
characteristic of the Irish Hill Road Formation are exposed in the road. They
appear to be have been translated to that location in a fault zone. Note the
Blue quartz grains in these rocks. Continue, noting the large outcrop of
conglomerate on the south side. When you will reach a junction with a
branch of the woodsroad coming in from the northwest, take it and locate
the small quarry of rusty conglomerate on the south side of the road.
Varying degrees of strain are exhibited in this quarry, and the foliation of
the muscovite-rich matrix of the conglomerate is well developed. Sulfide
mineralization is predominantly pyrite here. Also noted is a emerald-green
mineral occurring in very small crystals (fuchsite?).
Return to the woodsroad, continue downhill a few paces, and then move
northward to the white outcrops of "limestone". Crinoid fossils are present in
here in calcite-rich metasandstones.

Return to the cars and retrace your path to Route 12.
25.5+ Turn left (south) on Route 12.
26.9+ Turn right (west) at the blinker. Drive west around the commons to the
southwest comer and head west on Wall Street.
27.1

Stop 8: Park on the right, opposite the small parking lot of the TDS Company.
Walk south across the road to the outcrops exposed behind the parking lot.
These rocks are located within a broad zone of shearing in the Dog River
Formation. Dismembered folds of quartzite are common here, asare braided
fabrics. Note the characteristic relationship between the pervasive cleavage
oriented N19E, 72W and the spaced cleavage oriented N42E,57W.
•

27.2
28.1
28.4

Continue west on Wall Street.
Turn left (south) on Water Street. The road turns to gravel.
Bend right (west) and up hill.
Turn left (south) on a dirt/gravel road.
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Stop 9 : Park here at Dole Farm. The outcrop to examine is located 400 feet
south, just east of the edge of the field. Exposed here are pale green
quartzites and associated phyllites characteristic of much of the eastern
portion of the Moretown Formation. The variation in thickness of a massive
quartzite bed here may represent either a channel fill or a tectonic feature.
Don't forget to look up and enjoy the view.

Return to the cars and retrace your route toward town.
30.4
Turn right (east) on Wall Street. Cross the Dog River, the railroad tracks, and
drive east along the south edge of the commons.
30.6 Turn right (south) on Route 12.
31.3 Pass the main campus of Norwich University.
31.6 Bear right (southwest) on Route 12A.
32.4+ Turn left (east) on Lover’s Lane.
32.6

Stop 10: Park on the right in the turnout area. This traverse starts in the
rusty-weathering, dirty quartzites and phyllites of the Dog River Formation
exposed at the roadside just east of the turnout. Continuing east you cross a
belt of calcareous quartzites. These rocks are not exposed along the road,
but study of outcrops north of Sunny Brook shows general homogeneity
across it. The exception is an increased degree of deformation along the
western margin. Fossiliferous rocks found by Currier and Jahns (1941) are
located on strike to the south on Winch Hill Road. That is also the location of
the sample from which Denkler and Harris have recovered and identified
conodonts (see page 111).
At the east edge of the calcareous quartzite belt is a fault zone, partially
exposed in a small driveway off the south side of Lover's Lane. Some of the
rocks here in the fault zone appear out of place, being most similar to
Volcanics found further to the north.
Continuing east along Lover's Lane, note the large boulders of
conglomerate on the south side of the road. These boulders are typical
textural representatives of moderate deformation of this lithology. The next
outcrop at roadside is severely deformed conglomerate. Here the rocks are
very rusty on weathered surfaces but nearly white on fresh surfaces. They
have a splintery and papery habit, representing what Currier and Jahns
(1941) mapped as papery, felsic tuffs. Careful examination shows unmilled
eyes of quartz preserved in these mylonites. Oriented thin sections show
imbrication of wedges with fabrics indicating a west over east and
left-lateral motion. The results of partial recrystallization of quartz clasts by
pressure solution are commonly preserved. Less deformed conglomerates
are exposed in the woods just east of the fine-grained mylonite zone.
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Walk east on Lover’s Lane across the notch in the hillside. Note the half
dozen or so spring houses located in this zone. Calcareous quartzite, perhaps
connected to one of Currier and Jahns' fossil localities, is exposed on the
north side of Sunny Brook. The first outcrops of the Northfield Formation
phyllites exposed along the road are located just before the comer, and they
show little or no evidence of the faulting nearby. Bedding is preserved with
silty and calcareous sandy beds present. Other outcrops of Northfield occur
back to the west in the stream and constrain the location of the contact.
%
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Return to the cars and....................
END OF TRIP
If you have left cars at the commuter lot up at Exit 5, drive east on Lover's
Lane to Route 12, cross Route 12 and drive east on the Gen. Harmon access
road up toward 1-89. You will have driven through the Northfield
Formation, the Turkey Hill Formation, and into the Waits River Formation.
Several post-metamorphic mafic dikes are exposed in the new road cuts of
this traverse.
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